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Abstract 
Objectives of the current study were to i) investigate effects of selection for bodyweight at four weeks 
old on bodyweight (BW) and bodyweight gain (BWG) across four generations; ii) estimate correlated 
response to selection for BW and BWG at different ages; and iii) document best linear unbiased prediction 
(BLUP) of genetic trends for BW and BWG across four generations of selection. A total of 3540 chicks from 
444 sires and 885 dams were used to estimate heritabilities, and genetic and phenotypic correlations for 
growth traits, including BW at 0, 2, 4, and 6 weeks, and BWG between 0 and 2, 2 and 4, 4 and 6, and 0 and 
6 weeks. The selection effects, correlated responses and genetic trend for BW and BWG across generations 
were quantified by applying the animal model. Estimates of heritability for BW and BWG ranged from 0.22 to 
0.42 and from 0.18 to 0.23, respectively. Ranges of genetic and phenotypic correlations for BW varied from 
0.31 to 0.92 and 0.05 to 0.65, respectively. Moreover, estimates of genetic and phenotypic correlations for 
BWG at different ages were from 0.12 to 0.72 and 0.17 to 0.60, respectively. Bodyweight and BWG 
estimates after four generations of selection were significantly higher than those of the base generation. 
Moreover, contrasts of generation means were significant across the four generations. The genetic trends 
across the generations clarified that BLUP estimates for BW and BWG gradually increased with the advance 
of generations until the fourth generation. 
______________________________________________________________________________________ 
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Japanese quail constitute one of the most productive poultry species. They play an important role in 
the commercial poultry industry because of their high egg and meat production (Mizutani, 2003; Boni et al., 
2010). Moreover, they have many breeding advantages such as short generation interval, small floor space, 
high reproductive performance, early sexual maturity, rapid growth rate and high resistance to diseases 
(Baumgartner, 1994; Minvielle, 2004; Alkan et al., 2010). All these characteristics made Japanese quail an 
excellent model for selection programmes. The poultry industry aims mainly to produce genetically superior 
animals with high productivity of egg and meat. Studies on selection programmes as the most important tool 
for achieving genetic gain in quail have been performed in two directions: the first was to improve egg 
production traits (Nestor et al., 1983; Minvielle et al., 2000; Durmus et al., 2017); and the second to improve 
growth traits (Caron et al., 1990; Marks, 1993; Balcıoğlu et al., 2005; Ayatollahi Mehrgardi, 2013). In the 
second direction, weight gain was regarded as the most important selection criterion. 
Selection for BW at four weeks in Japanese quail in long-term selection studies showed a positive 
correlation with BW in later weeks, genetic gain, age at sexual maturity and egg weight, and a negative 
correlation with reproductive traits and egg production rate (Marks, 1996; Khaldari et al., 2010). Moreover, 
the phenotypic mass selection approach in long-term selection studies was followed by an increase in BW at 
four weeks old (Darden & Marks, 1988; Toelle et al., 1991; Resende et al., 2005; Varkoohi & Kaviani, 2014). 
This illustrates the quick response to selection for higher BW in Japanese quail. 
Genetic evaluations of economic traits such as BW and BWG at different ages are of great interest in 
most poultry breeding programmes (Silva et al., 2013). Therefore, most of the selection programmes have 
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been based on estimates of genetic parameters for growth traits (Nasiri Foomani et al., 2014; Karami et al., 
2017). Several studies indicated that selection based on genetic parameters of growth traits resulted in good 
selection responses in BW of Japanese quail (Nestor et al., 2000; Saatci et al., 2006). In selection studies, 
several methodologies were used to estimate the selection response. One of these methods was regression 
analysis for the estimates of the breeding values on generations. This approach depends on the genetic 
parameters and the model. To the authors’ knowledge, most selection studies overlooked the differences 
between genetic perspectives, such as selection-correlated responses, genetic trends and BLUP estimates.  
The authors hypothesized that selection methods that depend on BLUP estimates and genetic trend 
will reveal promising improvement in growth performance of Japanese quail. Therefore, the main objectives 
of the current study were to investigate the selection effects, selection correlated responses, genetic trends 
and BLUP estimates for BW and BWG in Japanese quail through four selected generations.  
 
Materials and Methods 
The current selection experiment was carried out at the poultry research farm at Faculty of Agriculture, 
Benha University, Egypt. Data of 3540 chicks that were obtained from 444 sires and 885 dams through five 
generations (base and four selected generations) were used in this study. Each breeding family consisted of 
one selected male and two selected females that were housed separately in a breeding cage (25 × 25 × 25 
cm) with a sloping floor for collecting the pedigreed eggs. These eggs were incubated to get the first selected 
generation (G1), then the selection was practised further on G1 to obtain the consecutive second (G2), third 
(G3) and fourth (G4) selected generations based on their BLUP estimates for BW at four weeks old. In each 
generation, the pedigree eggs in each breeding pen were collected daily for ten days and then incubated. 
The structures of the data collected during the experiment are presented in Table 1. 
 
 
Table 1 Numbers of sires, dams, females produced and chicks in a selection experiment with Japanese 
quail 
 
Generation Sires Dams Progeny (laying hens)  Chicks produced 
     
0 125 249 260 688 
1 94 188 270 781 
2 82 164 264 684 
3 72 144 272 687 
4 71 140 266 700 
Total 444 885 1332 3540 
     
 
 
In each generation, newly hatched chicks were wing banded. Chicks were raised on floor cages until 
12 days old. After that, chicks were transferred to battery brooders. At five weeks old, all females were 
transferred to individual laying cages for accurate pedigree identification. All birds were fed a standard diet 
containing 240 g/kg crude protein and 12.45 MJ/kg of metabolizable energy during the rearing period 
according to NRC (1994). Feed and drinking water were offered to birds ad libitum. The lighting duration was 
24 hours during the first week old, reduced to 23 hours from the second to four weeks old. In the laying 
house, the lighting regimen was set at 16 hours light and 8 hours dark. 
Bodyweights of 3540 chicks were obtained in grams at 0, 2, 4 and 6 weeks old and presented as 
BW0, BW2, BW4, BW6, respectively. Bodyweight gain was calculated during the intervals from 0 to 2, 2 to 4, 
4 to 6, and 0 to 6 weeks old and presented as BWG0-2, BWG2-4, BWG4-6, and BWG0-6, respectively. 
Variance-covariance components were estimated by REML using the computer package VCE6 (Groeneveld 
et al., 2010). Multi-trait animal model (in matrix notation) was used to analyse growth traits using the 
following equation: 
 
𝑦 = 𝑋𝛽 + 𝑍𝑎 + 𝑒 
        
 
Where:  𝑦 = 𝑛𝑥1 vector of observations with 𝑛 = number of records,  
𝑋 = a nxp incidence matrix which relates the data to a fixed effect of generation with five levels,  
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𝛽 = a p×1 vector of the fixed effects of generation,  
𝑍 = an incidence matrix relating the data to additive genetic effects of the birds which are denoted by 
𝑎, and  
𝑒 = vector of random residual effects.  
Variance components for growth traits were computed using the package of VCE6. Heritability 
estimates (ℎ𝑎
2  ) were calculated from the results as: 












2 are estimates of the variances due to direct additive genetic effects and random 
error, respectively. The genetic (rg) and phenotypic (rp) correlations among growth traits were also estimated. 
Estimated covariances were obtained by solving the corresponding mixed model equations for bivariate 
models.  
The best linear unbiased predictors of 𝑎 for the birds with and without records were estimated using 
the PEST program (Groeneveld et al., 2010). Genetic trend was measured by regression of the 𝑎 values on 
generation number.  
Estimates of correlated response in trait y to selection on trait x were calculated following Falconer and 
Mackay (1996): 
𝐶𝑅𝑦 = 𝑖ℎ𝑥ℎ𝑦𝑟𝑔𝜎𝑝𝑦 
 
Where:  𝐶𝑅𝑦 = the correlated response in trait y,  
i = the selection intensity for trait x,  
hx and hy = square roots of heritability for traits x and y, respectively,  
rg = the genetic correlation of traits x and y, and 
𝜎𝑝𝑦 = the phenotypic standard deviation of trait y. 
 
Results and Discussion 
The actual means of BW were 9.5, 69.5, 152.2 and 241.4 g for chicks at 0, 2, 4 and 6 weeks old, 
respectively. These findings agree with the reported live BW of Japanese quail at various ages in previous 
studies (Sezer et al., 2006; Varkoohi et al., 2011; Silva et al., 2013; Barbieri et al., 2015). The means of 
BWG in Japanese quail were 4.3, 5.9, 6.4, and 5.5 g during the intervals from 0 to 2, 2 to 4, 4 to 6, and 0 to 6 
weeks old, respectively. Coefficients of variation (CV%) ranged from 9.0% to 11.0% for BW and from 7% to 
14% for BWG. Actual means, their standard deviations (SD) and percentages of variation (CV%) for BW0, 
BW2, BW4 and BW6 and BWG0-2, BWG2-4, and BWG4-6 and BWG0-6 weeks in Japanese quail are 
reported in Table 2. 
 
 
Table 2 Descriptive statistics of bodyweight and bodyweight gain for a selected population of Japanese quail 
 
Traits Number of records Mean Standard deviation CV,% 
     
Weight at hatching  3539 9.45  1.08  11  
Weight at 2 weeks 3488 69.51  7.95  11  
Weight at 4 weeks 3457 152.20  15.78  10  
Weight at 6 weeks 3440 241.40  16.84  9  
Gain hatching to 2 weeks 3488 4.29  0.54  13  
Gain from 2 to 4 weeks 3457 5.91  0.83  14  
Gain from 4 to 6 weeks 3440 6.37  0.77  12  
Gain hatching to 6 weeks 3440 5.52  0.39  7  
        
 
 
These current findings agree with those previous studies, which showed that CV% for BW ranged from 
10.0 to 24.0 at various ages of Japanese quail (Narinc et al., 2010; Varkoohi et al., 2011; Barbieri et al., 
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2015). Moreover, Özsoy and Aktan (2011) reported higher estimates of CV% for BW2 (20.7%) and BW4 
(16.5%) in Japanese quail. 
In this study, heritability estimates of BW were decreasing with the advancement of age of Japanese 
quail. Estimated h2 for BW0 (0.42) was approximately twofold the h2 of BW6 weeks (0.22). The current 
results agreed with those of previous studies (Shokoohmand et al., 2007; Silva et al., 2013; Ebrahimi et al., 
2018; Mohammadi-Tighsiah et al., 2018). These findings could encourage the breeders to practise genetic 
selection at an early age in Japanese quail. In contrast, Saatci et al. (2003), Nasiri Foomani et al. (2014), 
and Karami et al. (2017) found that heritability values for BW of Japanese quail tended to increase with age.  
The estimated heritabilities (h2) and genetic and phenotypic correlations of BW and BWG of Japanese quail 
are shown in Table 3. 
 
 
Table 3 Estimates of heritability (on the diagonal), genetic correlation (above the diagonal) and phenotypic 





Hatching 2 weeks 4 weeks 6 weeks 
     
Hatching 0.42 ± 0.04 0.31 ± 0.07 0.44 ± 0.09 0.36 ± 0.12 
2 weeks 0.15 ± 0.02 0.24 ± 0.04 0.59 ± 0.18 0.45 ± 0.16 
4 weeks 0.08 ± 0.01 0.46 ± 0.13 0.36 ± 0.04 0.92 ± 0.20 
6 weeks 0.05 ± 0.01 0.28 ± 0.07 0.65 ± 0.19 0.22 ± 0.04 
 Bodyweight gain 
Hatching to 2 weeks 2 to 4 weeks 4 to 6 weeks Hatching to 6 weeks 
Hatching to 2 weeks 0.19 ± 0.02 0.12 ± 0.03 0.33 ± 0.07 0.53 ± 0.05 
2 to 4 weeks 0.18 ± 0.04  0.22 ± 0.02 0.28 ± 0.04 0. 72 ± 0.15 
4 to 6 weeks 0.17 ± 0.04 0.31 ± 0.07 0.18± 0.02 0.42 ± 0.09 
Hatching to 6 weeks 0.27 ± 0.03 0.60 ± 0.11 0.48 ± 0.05 0.23± 0.02 
     
 
 
Genetic and phenotypic correlations for BW at various ages (0, 2, 4, and 6 weeks) were positive and in 
the ranges of 0.31 to 0.92 and 0.05 to 0.65, respectively. For BW, estimates of genetic correlations between 
ages were higher than the corresponding phenotypic correlations. The highest value for genetic correlation 
was estimated between BW4 and BW6 (0.92) and the lowest was between BW0 and BW2 (0.31). Except for 
BW0 correlations with BW in various weeks, genetic correlations tended to increase with age. In addition, the 
correlation between consecutive closet BWs was higher than earlier. Genetic and phenotypic correlations 
were positive among BW at various ages, indicating that BW can be further improved with providing good 
management and climate conditions. 
In agreement with the current findings, Silva et al. (2013) reported that genetic and phenotypic 
correlations between weekly BW of Japanese quail were 0.35 to 0.96 and 0.17 to 0.80, respectively. In 
contrast, Karami et al. (2017) revealed a higher estimated genetic correlation of 0.85, 0.90 and 0.91 between 
BW0 with BW7, BW14 and BW21, respectively, in Japanese quail through a random regression model.  
Estimated h2 for BWG at different ages tended to be low, varying from 0.18 (BWG 4-6) to 0.23 (BWG 
0-6). Estimates of genetic and phenotypic correlations for BWG at different ages (0 - 2, 2 - 4, 4 - 6, 0 - 6) 
were in the ranges of 0.12 to 0.72 and 0.17 to 0.60, respectively. The highest genetic correlation was 
estimated between BWG2-4 and BWG0-6 (0.72) and the lowest was 0.12 for earlier ages (between BWG0-2 
and BWG2-4). Caetano et al., (2017) reported that the estimate of h2 for BWG0-3 weeks in a meat-type quail 
population was 0.15. Also, in the study of Mohammadi-Tighsiah et al. (2018) the estimates of h2 for BWG0-5 
weeks and BWG15-20 weeks were 0.08 and 0.10, respectively, which were lower than the present estimates 
in different periods.  
Estimates of the selection for the four generations that were obtained by generalized least squares 
using VCE6 were superior (P <0.05) for most BW and BWG to the base population (Tables 4 and 5). The 
contrasts among estimates of these generations were significant (P <0.05). The fourth generation showed 
superiority in BW and BWG compared with the average of the first, second and third generations.  
 




Table 4 Generalized least-square estimates for bodyweights (g) in different generations and contrasts of the 




Hatching 2 weeks 4 weeks 6 weeks 
     
0 8.81 ± 0.03d  58.22 ± 1.21e  134.47 ± 2.74e  223.35 ± 3.12e  
1 9.37 ± 0.03c  67.24 ± 1.26d  150.77 ± 2.51d  237.08 ± 3.42d  
2 9.70 ± 0.03ab  72.58 ± 1.21c  153.17 ± 2.74c  243.97 ± 3.12c  
3 9.63 ± 0.03b  74.57 ± 1.21b  159.42 ± 2.74b  250.13 ± 3.12b  
4 9.75 ± 0.03a  75.16 ± 1.21a  163.46 ± 2.74a  253.13 ± 3.12a  
Generation contrasts 
0 vs 1 -0.56 ± 0.01*  -9.02 ± 0.97*  -16.30 ± 1.52*  -13.73 ± 1.11*  
0 vs 2 -0.89 ± 0.01*  -14.36 ± 1.03*  -18.70 ± 1.58*  -20.62 ± 1.23*  
0 vs 3 -0.82 ± 0.02*  -16.35 ± 0.99*  -24.95 ± 1.21*  -26.78 ± 2.85*  
0 vs 4 -0.94 ± 0.04*  -16.94 ± 1.01*  -28.99 ± 2.52*  -29.78 ± 2.63*  
1 vs 2 -0.33 ± 0.02*  -5.34 ± 0.88*  -2.40 ± 0.09*  -6.89 ± 1.42*  
1 vs 3 -0.26 ± 0.02*  -7.33 ± 0.91*  -8.65 ± 0.87*  -13.05 ± 2.14*  
1 vs 4 -0.38 ± 0.01*  -7.92 ± 0.91*  -12.69 ± 1.11*  -16.05 ± 1.21*  
2 vs 3 0.07 ± 0.01  -1.99 ± 0.98*  -6.25 ± 0.58*  -6.16 ± 1.52*  
2 vs 4 0.07 ± 0.01  -2.75 ± 0.89*  -10.29 ± 1.12*  -9.16 ± 1.91*  
3 vs 4 -0.12 ± 0.01*  -0.59 ± 0.80*  -4.04 ± 0.88*  -3.0 ± 1.41*  
         
a,b,c,d Within a column, estimates with a common superscript do not differ at P =0.05 
* Contrast is significantly different from 0 at α =0.05 
 
 
Table 5 Generalized least-square estimates for bodyweight gain (g/d) in different generations and contrasts 
of the generation means illustrating the pattern of selection response in Japanese quail 
 
Generation means Hatching to 2 weeks Weeks 2 to 4 Weeks 4 to 6 Hatching to 6 weeks 
     
0 3.52 ± 0.10d 5.44 ± 0.19e 6.34 ± 0.24b 5.10 ± 0.17e 
1 4.13 ± 0.13c 5.96 ± 0.22c 6.16 ± 0.25c 5.42 ± 0.19d 
2 4.49 ± 0.11b 5.75 ± 0.21d 6.48 ± 0.24a 5.57 ± 0.17c 
3 4.63 ± 0.11a 6.06 ± 0.21b 6.47 ± 0.24a 5.72 ± 0.17b 
4 4.67 ± 0.11a 6.36 ± 0.21a 6.40 ± 0.24ab 5.79 ± 0.17a 
Generation contrasts 
0 vs 1 -0.61 ± 0.08* -0.52 ± 0.08* 0.18 ± 0.07* -0.32 ± 0.07* 
0 vs 2 -0.97 ± 0.08* -0.31 ± 0.09* -0.14 ± 0.08* -0.47 ± 0.09* 
0 vs 3 -1.11 ± 0.08* -0.62 ± 0.08* -0.13 ± 0.07* -0.62 ± 1.01* 
0 vs 4 -1.15 ± 0.10* -0.92 ± 0.09* -0.06 ± 0.09 -0.69 ± 1.01* 
1 vs 2 -0.36 ± 0.07* 0.21 ± 0.08* -0.32 ± 0.08* -0.15 ± 0.09* 
1 vs 3 -0.50 ± 0.08* -0.10 ± 0.07* -0.31 ± 0.06* -0.30 ± 0.08* 
1 vs 4 -0.54 ± 0.05* -0.40 ± 0.09* -0.24 ± 0.07* -0.37 ± 1.11* 
2 vs 3 -0.14 ± 0.07* -0.31 ± 0.09* 0.10 ± 0.07 -0.15 ± 0.09* 
2 vs 4 -0.18 ± 0.08* -0.61 ± 0.07* 0.08 ± 0.07 -0.22 ± 0.09* 
3 vs 4 -0.04 ± 0.09 -0.30 ± 0.08* 0.07 ± 0.08 -0.07 ± 0.09 
     
a,b,c,d Within a column, estimates with a common superscript do not differ at P =0.05 
* Contrast is significantly different from 0 at α =0.05 
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Khaldari et al. (2010) reported that the mean of BW at four weeks old in the S line and C line in the last 
generation (fourth generation) was 200.5 and 170.9 g, respectively, a 17.3% cumulative genetic 
improvement, or 5.8% improvement per generation. Magda et al. (2010) showed that the means of six 
weeks’ BW was 172.2, 186.3, 202.9, and 214.7 g for the base, first, second and third generations. 
The BLUP estimates for BW0, BW2, BW4, and BW6 increased gradually as the generation advanced 
until they reached 0.07, 1.17, 3.90, and 6.60 g in G4, respectively (Figure 1a, b, c, and d). A similar genetic 
trend for BWG was recorded where the BLUP estimates for BWG0-2, BWG2-4, BWG4-6, and BWG0-6 
increased gradually as the generation advanced untilthey reached 0.05, 0.22, 0.25, and 0.18 g in G4, 




























Figure 1 Genetic trend for growth traits of bodyweight and bodyweight gain across the base and selected 
generations 
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This increased genetic trend in the selected generations illustrated the efficiency of selection for BW at 
four weeks old. The estimation of genetic trend was necessary for the assessment of the breeding 
programmes. The current results agreed with those of Hussain et al. (2014), who observed a linear 
increasing trend of BW at three weeks old in selected populations as the generations progressed. On the 
other hand, Narinc et al. (2016) found that the mean of estimated BLUP values for BW in base population, 
first and second selected generations flocks were found to be 0.13, 0.20, and 0.34, respectively. 
The correlated response for unselected traits showed a positive correlation for increasing all BW at 
ages (Table 6). In all BW stages, the improve in BW decreased with the advance of generations. However, 
the cumulative correlated response of selection for BW0, BW2 and BW6 was increased dramatically by 0.83, 
10.88 and 25.45 g, respectively. A similar trend was observed for BWG at different age intervals. These 
findings agree with the results of previous studies (Anthony et al., 1996; Ayatollahi Mehrgardi, 2013; 
Varkoohi, 2014; Hussen et al., 2016). These responses indicate that selection for BW at four weeks was 
associated with an increase in BW at different ages. The authors found that the correlated responses were 
due to the high genetic correlation between BW at four weeks old and other ages. This revealed that 
selection for higher BW at an early age would bring a concomitant improvement in BW at later ages as a 
correlated response to the selection. 
 
 
Table 6 Correlated response to selection for four-week bodyweight in Japanese quail over four generations 
 
Cumulative 
Generation number  
4 3 2 1  
      
       Bodyweight 
 0.83 0.08 0.04 0.27  0.44 Hatching 
 10.88 0.51 1.41 3.54  5.42 2 weeks 
 25.45 2.85 5.35 4.93  12.32 6 weeks 
Bodyweight gain 
1.06 0.06 0.11 0.31 0.54 Hatching to 2 weeks 
1.12 0.27 0.22 0.21 0.42 Weeks 2 to 4 
0.56 0.05 0.08 0.29 0.14 Weeks 4 to 6 
0.63 0.04 0.13 0.17 0.29 Weeks 0 to 6 




Japanese quail respond quickly to selection for BW at four weeks old. The selected generations 
indicate that selection for BW at four weeks old was associated with an improvement in BW and BWG at 
other ages. Additionally, cumulative correlated responses of selection, genetic trends and BLUP estimates 
for BW and BWG increased gradually until the fourth generation. Hence, genetic improvement in growth 
performance could be achieved through practising BW selection at four weeks old and more improvement 
could be achieved through selection for more generations based on BLUP estimates. 
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